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tUICTURNALDRAINAGE HIKI fJIARMTCIUSTICS m m fmvrwmfi AIR wires

lqrmor Gcrlayloo, Ullliamr. Clrmwnts, Sum-r Ihrr, wwf John A. ArChU~@td

Ins Alamns Sclcntifir Labnratnry
Los Alamo%, Nw %xlco

1. IHTIKIDIICIIOH

Thr tl~vnlnfmrnt of altcrnattvr
rncrqy Snurcl% and thn expanrliwl imr of prcsr!ntly
available rcsnurr !s Infltrt a hcdvy hurdcn nn
thr atmmphwc. There Is a qrowinq cnnccrn
rcqardinq health .~nfl rnvirnnns?nlal cffrct% nf
cncrqy retraction opcratlnnsm flnc such cnncorn
is public health in Lhr! vl~lnity nf uranlummin-
Inq Intl mlllinq nprrat inns. Ilranfum mining and
rlillln~ produro anmnalcusly htqh Iucdl source%
II f ??~pn ~llC tn th~ mnnilm%[vlL hfqh cnn-
rmntrallnn< nf ??filf* (lhflll yrar ha’1-lifr
pnrcnt nf ~~~lfn) in the nrrs. Tnr snurc(’%
arr In Lhr form of onrm pit minus, vonl% frorl
untlrrqrnund mine%, nrc pilp%, mtlllnll nhor-
111inn%, mill ldillnq% pflwo and ndturdl :lr
owtrroppinq%, This vnrjrtv nf snurcc% anti fhr’
~lJIv,Pquun[. fim ,Ind q)aIw wari,lltlr nm,f..nrnl.lqi-
C,II franc,port fivld fo~licat.lq% rmvtrnntfw’nfal
d~si~~,wmtnfl,. llw a%w%w,u~nl% will prl,[mtl mm
offl[”i(~nfly A with hlqhrr rnnf Ilfwu”o in fhl~
rumllf% if t.hv I,vpnlt,lnl mldlwlllllll} nf fhwr
rlulltm~ ifi undrr%fnn4! anrf I!,wumonfwfm

Ihl% p,lll~r prtwmnti thr tYI%UlIC, l~f d
\Imwv Inw f~ioddvlnn, r-f d] . lll’ll! dml u’nlm-
1 Imr (rii*ll,l Vlfl Fl, of al, IWO) study ,If fhv ,lfsv\-
~phrrlr Ir,ln%pnrt rh,lr,lrf~ ril,t lr% umlw norf urn-
dl f Iu’i rnndlf Inn% cnlilf.lrf ull ~n fhu f;r!’, f’, lhr. lrI
nf nllrfhw,~fivvi firu %~ti n, lh~’. 11!.11,1 i’. Illm-
lMV,P,I of Iw) nwlnr ,Ilr .,hlO,, fmr ill f+l~ VII In.

Ifv of Avi,rn’ t.I 1,1111 dml f.hv nfhor nv,lr ‘.iln
M,Ifun. Iho Amhrlll.fd ltIkIS ,111 Jw’d l“, d .hdllow
Il,l,,ln I:,llf 4r,Il II, frnm fhv Innf lnl~nlrll IIlvlilr
fww,ir,l lhis I,nllfho,ll.f ml ~onf,linl. ,1 nMlnrilv nf
fho Ilrdnium mlnlnq mtl mllllnq ilf Ivlfy ~lf fhr
,Irl%l , lhi~ ‘.,ln Wfou ,Ilr IJIIWI FIIIII, mi%f fn wr,, f
,frdll:lnq dl~ ,lrr,l frll !ty Mm:nf fdylmr nn flit.
C,IIIIlh A v,ll,f ,wvl ‘.dn M,lf rn Mo.,,! fll fhl, Ihlrfh.
1111, I* I 111. ,,11,,11+ [ll~lfl~lwll~ fll ,1 Il,lllllw Ilvll IWI
WIU MPI,,I kfllnf ,lnn~,i ml I d Jill.!. IIW* fl~rl,lltl

llpl~ll’. Itlfll fllr Iu’ll,l,llir lIl\lll Ill IIW ‘Jllllh.

A“. J f Irl,f ,IppI.II,IIh f,, fhu Imrlpfi

I ,! fl.,1 Iw.f Ivlrlll, qy IIf fhll, Jl”la,l d rlllflnw~ni ,It *

Illliflwlllllllqll ,11 nltfwol’1 wit”. llp%lll~lf lhl,.lflq fk,l

%fu,fv 111111111[%, A %Wnrlf Inns ‘,111’vl~v w,l% III1lI!IIIt

1111 f rlwl !4,1v IN f II ‘qlf I,P#II~I 1’1, lll!ll ,In,f d wln

fw nllw~tv,ilitut pllIIIl I.,I!I lIIm .I,wiu,lry ‘ I- I

qllll ,1, 1’1/’1, 11111 nlllfllln,ll ,Ir,lind,lu flnu

rlqllm~ W,l+ Ivqlh,l+ltlwf Ill fb Iln,llv%l% IWI ,I,l%o IIf

ll\ pllflvlf 1.11 flu. fr,lll+pllrf Inq Ilf f Illrnf % llnlq

111., f,llll.lq u~fh pllllr dllllf Inn 111111 fll Ill fvl,ll

ll,lllnll,lllv,, ,Inll ‘IIl, lllllw lll~i’111 lfl~pf h% , I 11111

Wl%lf Ilol .,l,lf 11111., thllf 1’1,1111.11 wllllf Iflll*l f 1101,

wind spcfwf, and Wnncraturc were ploccd In f%
lncdt~rms shnwn In Firt. 2. It wus dssunwxf tilat
these mcasurrmrwts ,.ou1(I he Interprr’.mf tn q~ve
thr relative str,’ngth of thn nnrturnal ftrnind(ic
flow from e.lch dir shcft and the fntal transport
muthward toward the Ml;an-Grants arua.

The ffata frnm thosr! nmltorlnq
<taL:nns urro supplrnrntwf nn d fc’~ nccdr inns
with vrrkfcal wind prntllr musurrmn:~.

2. IXP!RIHNIAI NWAMGIMI”IU

Uritlhiw %ldt~(ltH wrrc instdllml
apprllximafnlv l.!) m alwfr nrn.nd in Ihr Wrn%ld
Iakr and ~an Mdton vnllrw dt thu fnllnwlntl
Ioc,llinn’, (SPII ltq. ?):

!UIII M,atrn S,f..lf Inn WI< lncaf ml rwulr thll Wn Mdf m
[.rrrk rlnsr fn Lhr atii% nf thi% ,ilr %hmd dnd
dppmlulmfltoly 1,1! krl t~,l%l ‘If fhu .tunrf inn nf
Iliflhwlly% 113 ,In,l W’i.

hl,r.l+~fl Ifl}r \f,lf I m W,I~ Ini,l,lllrtl rlnqo Ill fhv
dri% nf fhv Amhrtw ia I “10 ,Iir %hwl, 1111P,

iln.fit illll WI% ! .c’ }1~ wwt nf fhv !mwf IIWI nf
lflflhw,lv% 11.f IllIll hll’1,

,Jwnnvl ‘.f Ilf tlln W,l’. lllllll~lf I 111%(1 fll ftll~ Ilwflv’
of f 1111 rnnf Iuvnrv p,ll nf Im. f Ill! V,lllrv%
lll~%l”l”ib,f ,IIUIW, ,lpprn~ Imtlf I’lv ;’. I LIII wuif hwl”-f
frill’1 f:lr 1111!1 f 11111 l~f Illqhw.lv’t 1,~ ,11111 M’1.

1)111 !,!lllw]l,lphv l-f tlw I,r,lnf % 1:,1,.1!1

,.llll,p%t., ttw lfllvl,lq!mlll Ill 1. .,11 llp%llqu~ ,1,11:
,!,lwll., l,lplt f Illw rl,,lllw~,. l,,il~ fll d l,lrlll~ IIllll”n,ll

~. lr!,ll Is f IWIWI ,1’ Iltw I Il,lnqlj ,In.1 %llllwlllllwlf Wrf 1.
1,11 flmlprldfllru prl!f IIIW 1111 %Illpll.11 ‘l Ilrfru o.!.
fho rv,,ulf% mf fhv prrwnf l~~pl~rlnvw ●huw’. A
dl%fllll f tw dllllvl,ll flnll P#lfflvn. ‘Jmrf Iv Ilf f PI
till, qlrf~lv ,111 flwpltt,lfnlw IWIIII., fll 1’1%0, Ill

IIW fhlrlllnq fhl~ Wlnll lflrll f 11!11 dllff% frlwl 1!,,
Illu fllrndl VJIIII’ fll m Inldlmln.lnf dllvf Im dlrrl
f I,ni .Inil lho wlml wwv,f In.illn”. f,l vr,hmltllv In
I 11 I..P, ‘ Irlll,llly, ,lf fllll %1,11 I Ill f hl~ f Pmpl ,1

full” Ilrllp III tho lWWtFIIl fhv wllmf tfli”l~i f f!lll

I II,lnqlw ,Inlf flu, %pl.l~lf 111-1111., fll ,1!1, Iw,l%u,



t~eratun drop in the evening thu wind
direction changes and thp speed brglns to
decrease.

A highly rapctitlve nocturnal wind
vectlr parallel to the local axis of each basin
Is Utablished within a few hours after sunset
and a?pears to be reldtlvely Insensilivc to the
largs-scale pressure qradiont. There are good
indications tk,it this is a local s-avlty driven
drafnage wind, which occurs in a shallow layer
of very stable air and is decoupled by its
stability from the gennra! large-scale wind
field above. IIecause nf its boundary hy San
Patco l%.! and Mesa Montanosa (Fig. 1), the
drainage flow in the AmlM-nsia I.ak@ dir shed
flows frf,m the nnrthwest. The dralnano flow in
the San Mateu air shed on the nthcr hand,
oriqinatinq fran the *wnslopc flows from the
San Mat@n mmtains. hunt Taylor, and San Matco
Mesa (Fiq. 1), shnuld have a northudstnrly
direction. Convcrgcncr nf thrsc twn dlr flows
throuqh ~h~ chann~l ~t~~n La Jara M[!~d an,l
ka Montanosa (Fiq. 1) accnullts fnr lnc~l
ac-cleration as thv air cnnt inups snuthwarrl.

1,~ ‘l~rfacr h’i.n.ft.~ .Il!l-ing [)raina~q j.l, nw. . .——

3. In order to ftetenninc the direc-
tion nf dra+naqc flow, w!nd roses were con-
sLructnd from the data for the Cases clearly
indicating the presence of rtrainaqo flnw. The
nsults are shown in Fig%. 3 and 4 for th~ sum-
nmrtim and th@ wintertim t?xperlments mspect-
ivelv. As Indicated by these wind ros@s, the
main flirpction of fIOChImdl dra!nagc flnw is
from easf mrtheast in the Sa~ M“ten lir shed
and fror north northwrst in the khrosid Lake
‘*- Z,rii. The wind msrs fnr these two statinns
for thr sunsmcrtimr nxperinnmt shon nthor ccxnpo-
ncnls of lrs~ frcaumt ti~urrcncc. Thr dmimq.,
flow dlr~ction dt Channel Station indicat@s a
stronq northrast flow alonq the axis of thr
channel. This atid the lnCrCdsc nf Rppmximatcly
652 in flnw spucd in this mqinn M comparnd LO
San Matcn hn,l Ambrosia l.nko ar,~a jtrnn(lly
suqqnst thr cnnflucncr nf thn drainaq~ frmn
th~rn air shmis. At I_laf, ‘,!~;lm thr tiirocf inn
nf drainaqv flnw dpprars t.1 1:,1 frnm nnrlh nnri.h
@dst lmiicdtinq !hr continuation n; ~lnw throu!lh
Lh~ Chdnnrl ar~a. A ?41 cnmpnnotlt at 3t1° ,l,rtn
I-If r,, +t cnulfl In fwrt

ildrd k%ii h} thr FdSt

3.? Vertical
llrainay

A writ~+
rdl wind %trurturr

b tiuo”ffl drdlndq~ frm Id
(Wr!q. ?),

Hin4 .,+truct urr Purlng
Inn

oi mr,lquwwrlt~ ni vrrli-
in th,, Gr,lnl% 11111,111 wdI.



This lnvcslig~tion has shown that
the noclurnal drdlnaqc flow pdttcrns agrro with
the winds prerlictcl on the basis of thr complcn
tcrraln of thn arr!a. fkcausc of thn surfitc~
cooling at nirjht (nvcr 25qC durlnq sunmmr mu;
ahwt 20°C during wi’tcr) air frm ulcvatcd
surrounding areas flows to thr low lyinq Icq’ons
cons~qucntly setting up a nocturnal drainaqp
flow. This rcglnw I? %ts ovrr GIW of C4C tim
durifJ sunsnr!r months and over .“7 or the timr
during wintcrnmnt,hs with a duptn gmvally Ic<s
than ?klll m.

In the San Mat.no air <hrd thr drain-
agr flow +s east northeast, and in thr Jhhrosid
I.ako alr shlwj it is fran northwrst. Thr
cnnflucncn nf ttwc two air flows cnnf.rihuti”s
main. y !n Rho ffrdlnaqr flnw throuqh tho cha’nol
fomwl hy la Jara Mrw.a ml Mr!sa MnnLdnn%a. lhr
dl’mlysis Lf ffd’.a rilllrct(!d by thr rtvnrtlinq

~lat~ \tdttW cnn ! 1 m% nur prediction t hfit
althnuqh thr arrd %nu?h of Lhu chdnnr’ rrdinn
hrnm!cns consilh’rdhly cduslnq d IIIIlUrtlIWI In

flow %flrPfl, cnntrlnutlnn% frwn thu %,)lilh+ldv IIf

In Jara Nosd and Now MnnLann%d !Iitla ?! p~lrlll
rnqmw,dto fnr thi% rvduct inn. Ikl pll%i*i(lfl nf
this Iocorillnq stat Inn 1% ll)-W krl frum Ihr
;NIpUl,IIUd f.nwn< nf Ml IJII ,url rlr,lnl r. I- drfllnilql~
fl,m %pvrd nf dppr[,xlm,l~l-ly 2.? m %-1 aml

fhv ilurdl.lnn of nvIIr 1] hnur% d% rru.nr,li,,l !Iy

I hi+ \f.,lt I,m indil”,lfw th,ll dt~” Irmq fh[~ !t,ln

M.lfmI dnl An!irn-,1,1 l,lhI~ Ixtilllm% IndV Iw lrdn+-

pflrl P4 %nwthw,lril% tn fho.,o pnpIIl,It IIIw rontor,,

dlirinq d 11111tIIrII, Il pi, rln,l. 111 Ilt”llvr Ill tl~~,l

1111,, lIIVSlII I i,,,l, ,1 C,lir 11, I ,If I’rill I-,ltl”:ll,,llll( lr’11

!1. mwmr.nwfr:i r’.

Ihc awthnr% cxnrrs% :hoir cincrr~
lratitwlo tn Carlos ~anrfnvai, Jrrry Murnm and
Snnni Marqur/, proporty Wnfirs, for allowintl us
to plarc wlmf In%lrwmmts on tticir land. Wrry
tiilsIIll and I.!?nndl”d Vdlrrlll ~rCIVtIhk inVallld~ll(’

ds%istancr if, collrrtinq thr! data. lhi< wnrb.

Was suppnrtml hy fhr It. $. n~p~rtwnt [If
Iqrrqv, Wflr,s nf IIo.llth and !nvirunmonl 11
I!r+oarch.

f,IIrl,Iyl IMI, lm, ~,m Il,lrrm u. I . , Ifw.n.n!.., ,In : ,1, fim
AImIhIIPl,I, IIU%I: Htnfi,rliIw~ PI lli~n,ll h,l III-

dq~ f .Ilw III fhu ‘tflll M,l?I*f, ,11 I .W!.t,.1,. 1,1 i .1 II
d 1“ r,hlUl\ Ilf f hl r;r,lfll 1, IJ,I., Ill, ! ,1.. : 1 ,1..1....

‘d 11, nl - f II I ,11,. v- if vri, rIIII. Ir! Ill 11!, !..,, .

TNIL[ 1 (SIJMtR DATA)
-Iu u ~ W Mmtllt m WS U!IQ
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